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Esophageal body contraction is characterized on high resolution manometry (HRM) 
by three segments separated by troughs. However, analysis of each segment and the 
association of segmental dysmotility with symptoms have not been investigated. Here 
I tested the following hypotheses: (1) some patterns of dysmotility in the segment of 
the esophageal body that were not described in the Chicago classification can be 
identified by esophageal HRM; and (2) there is a relationship between dysmotility in 
the segment of the esophageal body and esophageal symptoms. 
Design 
Subjects were 77 consecutive patients with esophageal symptoms and 20 healthy 
controls. The presence or absence of esophageal symptoms including pharyngeal 
discomfort, dysphagia, stuck food sensation, regurgitation, chest pain, heartburn, and 
belching was recorded on medical interview. HRM was performed with a solid-state 
catheter with 38 circumferential sensors spaced at 1-cm intervals connected to 
display software. Body function was divided into striated muscle region, transitional 
zone, and smooth muscle region and peristalsis, continuity, and contractile power 
were evaluated. The association between esophageal symptoms and segmental 




Segmental simultaneous contraction, segmental repetitive contractions, and 
retrograde peristalsis were detected in patients and controls. Contractile continuity of 
the transitional zone and contractile power of smooth muscle were decreased in 
patients with pharyngeal discomfort. Dysfunction of the upper esophageal sphincter 
(UES) and lower esophageal sphincter (LES) was frequent in patients with dysphagia. 
Peristalsis and contractile power were decreased in the entire esophageal body, and 
UES and LES dysfunctions were frequent in patients with stuck food sensation or 
regurgitation.  
Conclusions 
Segmental dysfunction including retrograde peristalsis and esophageal shortening 
has been systemically demonstrated for the first time. Some esophageal dysmotility 





 High resolution manometry (HRM) was developed to increase the 
interpretative consistency and diagnostic accuracy of esophageal manometry.1)-3) 
HRM techniques record intraluminal pressures circumferentially at 1-cm intervals over 
a 36-cm segment and the pressure data obtained are then transformed into 
esophageal pressure topographic plots (EPT) which convert manometric information 
into distinct patterns that illustrate the physiology of contractile coordination and the 
mechanics associated with bolus transit.4), 5)  
 One important observation from HRM is that esophageal body contraction is 
characterized by three segments separated by lower amplitude pressure troughs.5)-7) 
These findings reinforce that the esophagus consists of an upper esophageal 
sphincter (UES), the esophageal body (divided into segments 1, 2, and 3), and a 
lower esophageal sphincter (LES). In the body, segment 1 is a striated muscle region 
and segments 2 and 3 contain smooth muscle on the three-dimensional map. The 
proximal trough has been termed the “transitional zone” and may reflect the transition 
from striated to smooth muscle, which I would predict from the different contraction 
characteristics of the muscle fiber types.8), 9) On the other hand, the finding of a distal 
trough suggests an alternate explanation: the smooth muscle segments may 
correspond to transition of the dominant neural control mechanism,10) but the 
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functional difference in each segment is still unknown. Defects in the distal trough of 
the smooth muscle region may be associated with ineffective esophageal motility. Fox 
et al. described segmental body dysmotility (e.g. segmental simultaneous contraction 
and segmental defect in peristalsis),11) and found that it contributed to impaired bolus 
clearance in patients with dysphagia and non-cardiac chest pain. However, details of 
this dysmotility and its relationship with esophageal symptoms remain unclear. 
 Esophageal shortening, a spasm of the longitudinal muscle with LES lift, has 
been observed in transient LES relaxations (TLESRs) using the HRM color isobaric 
contour plot. Esophageal shortening is also reported in achalasia patients because 
incomplete TLESRs are associated with significant LES lift.11)-13) But it is not clear 
whether esophageal shortening is related to any symptoms. Some patterns of 
esophageal body dysmotility, such as simultaneous contraction and double-peaked 
waves, are common even in healthy adults and they increase with age.14), 15) In my 
clinical observation, I have also noticed other findings, like retrograde peristalsis. The 
Chicago classification of esophageal motility is the first published classification 
pertinent to the clinical interpretation of HRM studies.1) However, in the Chicago 
classification, the esophageal body is evaluated not as three segments but as one unit. 
Although body segmental findings such as defective body contraction continuity were 
added to the revised Chicago criteria by the International High Resolution Manometry 
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Group in 2011,3) they referred to neither retrograde peristalsis nor esophageal 
shortening. Therefore, the clinical significance of esophageal shortening, segmental 
simultaneous contraction, double-peaked waves, and retrograde peristalsis are 
largely unknown.  
 The aim of this study was to test the following hypotheses: (1) some patterns 
of dysmotility in the segment of the esophageal body that were not described in the 
Chicago classification can be identified by esophageal HRM; and (2) there is a 





 Subjects were 77 consecutive patients (29 men, 48 women, age 23–84 years) 
who had symptoms of suspected esophageal origin and 20 healthy controls (14 men, 
6 women, age 20–43 years). All of the patients were referred to and visited Tohoku 
University Hospital between March 2009 and December 2011. Some patients taking 
medicine including prokinetic agents, calcium antagonists, proton pump inhibitors, or 
minor tranquilizers at their first visit were instructed to stop taking them before HRM. 
Although prokinetic agents and calcium antagonists were eliminated for more than 
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one week before HRM in all patients, 9 patients refused to eliminate minor 
tranquilizers. In accordance with the ethical principle of autonomy, I accepted the 
patients’ perspective. Healthy controls were paid volunteers recruited by 
advertisement. None of the volunteers had any history of gastrointestinal symptoms, 
surgery, or chronic medical illness including psychiatric disorder. None of the 
volunteers were taking any medication at the time of the study. The study protocol was 
approved by Ethics Committee of Tohoku University Graduate School of Medicine and 
all subjects gave written informed consent. 
 
2. Esophageal symptoms analysis 
 Esophageal symptoms were analyzed through medical interviews conducted 
by gastroenterologists certified by the Japanese Society of Gastroenterology. The 
esophageal symptoms specifically were pharyngeal discomfort, dysphagia, stuck food 
sensation (i.e. the sensation that deglutition is smooth but food or liquid is stuck in the 
esophagus after deglutition), regurgitation, chest pain, heartburn, and belching. All of 
these symptoms were recorded as negative or positive, judged at the time of HRM. 
 
3. HRM protocol 
 HRM studies were performed with a 4.0-mm outer diameter solid-state 
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catheter system and dedicated display software (Sandhill Scientific Inc., Highlands 
Ranch, CO). This system uses 38 circumferential sensors spaced at 1-cm intervals. 
Before recording, transducers were calibrated at 0 and 100 mmHg. HRM was done in 
a supine position after at least a 6-h fast. The HRM catheter was placed transnasally 
and positioned from the hypopharynx to the stomach. Once proper catheter 
placement was confirmed with real-time waveform analysis and the LES was 
identified, the catheter was fixed in place by taping it to the nose. Subjects then 
underwent standard HRM testing involving at least a 15-min period to assess basal 
sphincter pressure and a series of liquid swallows (5 mL saline 0.9%, 5 swallows) and 
viscous swallows (5 mL grapefruit jelly, 5 swallows) at least 30 s apart. The obtained 
data were analyzed with the Sandhill BioVIEW Analysis Suite software (Sandhill 
Scientific Inc., Version 5.2.0). 
 
4. HRM data analysis 
 Based on manometric findings, all subjects were diagnosed with Chicago 
Classification.3) Achalasia was diagnosed by dysfunction of the LES relaxation and 
absence of peristalsis. Functional obstruction was diagnosed by dysfunction of the 
LES relaxation but maintenance of peristalsis. Diffuse esophageal spasm was 
diagnosed by frequent simultaneous contractions and multipeaked(repetitive) 
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contractions. The case of dysmotility not to match the diagnostic criteria of the 
Chicago classification had a diagnosis of NEMD. 
 I assessed UES function, body function, and LES function. UES dysfunction 
was assessed by the relaxation rate of swallows and coordination of the hypopharynx 
and upper esophageal sphincter. Resting pressure of the UES was also recorded. 
Body function was divided into striated muscle region, transitional zone, and smooth 
muscle region. Striated muscle region was evaluated by the contractile integral (CI) 
and the presence of peristaltic contraction. The transitional zone was evaluated by 
contractile continuity. Smooth muscle region was evaluated by CI, presence of 
peristaltic contraction, contractile continuity, and segmental dysmotility. Normal 
peristaltic contraction velocity was defined as < 9 cm/s on the basis of contractile front 
velocity (CFV).3), 4) Contractile defects were defined as pressure excursions across < 2 
cm in the 20 mmHg isobaric contour. I calculated CI in each body segment using the 
20 mmHg isobaric contour at the base to assess contractile power, calculated by 
multiplying the contraction amplitude in the lesion (mmHg), the duration of contraction 
(s), and the length of the segment (cm), and  expressed as mmHg·s·cm. Among 
resions of segmental dysmotility of smooth muscle I included segmental simultaneous 
contraction, segmental repetitive peristalsis, and segmental repetitive simultaneous 
contraction. Furthermore, I evaluated retrograde peristalsis (retrograde contraction 
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with CFV < 9 cm/s over 5 cm) and esophageal shortening (transient elevation of the 
LES pressure band > 1 cm). In recent reports, LES elevation is small (2 mm) during 
complete LES relaxations in healthy subjects.16) To distinguish esophageal shortening 
from conventional findings, I defined shortening range over 1 cm and subdivided it by 
the onset situation (at rest in the supine position, after swallowing in supine, and after 
changing from supine to sitting).  
 
5. Statistics 
 Statistical analysis was performed using SPSS 18.0 for Windows. I analyzed 
HRM findings in each swallow test in each case. The manometric findings of patients 
were analyzed and compared with those of the controls. I then compared the HRM 
data between symptomatic patients and non-symptomatic patients. The resting UES 
and LES pressure between groups was compared using Student's t-test. The 
prevalence of dysfunction (including esophageal shortening) between the groups was 
compared using a chi-squared test. Body function data at each level were compared 
between the groups with a generalized estimating equation (GEE)17)-19) because the 
number of swallows was not completely uniform and because the multiple data in 
each patient are related with each other. Forty-two patients (54.5%) swallowed 10 
times but 35 patients (45.5%) swallowed either 3-9 times or 11-21 times. Patients who 
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swallowed less than 10 times gave up completing the examination in the middle of the 
test because of aggravation of the symptoms. Patients who swallowed more than 10 
times continued the examination beyond 10 swallows because of confirming motility 
pattern. In total, 1033 swallows (patients: 789, controls: 244) were evaluated. A 
p-value less than 0.05 was considered significant. 
 
III. RESULTS 
1. Esophageal symptoms 
 The breakdown of esophageal symptoms in the 77 patients was pharyngeal 
discomfort (n = 8), dysphagia (n = 10), stuck food sensation (n = 49), regurgitation (n = 
35), chest pain (n = 66), heartburn (n = 6), and belching (n = 3). Thirty one patients of 
them had two symptoms: pharyngeal discomfort and dysphagia (n=1), dysphagia and 
stuck food sensation (n=2), stuck food sensation and regurgitation (n=24), stuck food 
sensation and chest pain (n=2), stuck food sensation and heartburn (n=1), and chest 
pain and heartburn (n=1). Eleven patients of them had three symptoms: pharyngeal 
discomfort, dysphagia and stuck food sensation (n=2), dysphagia, stuck food 
sensation and regurgitation (n=2), stuck food sensation, regurgitation and chest pain 
(n=5) and stuck food sensation, regurgitation and heartburn (n=2). Controls had no 




2. HRM findings of esophageal dysmotility 
 Normal peristaltic contractions were observed in healthy controls (Figure 1A). 
By contrast, non-continuity contraction with intersegmental troughs (Figure 1B), 
segmental simultaneous contraction (Figure 1C), segmental repetitive simultaneous 
contractions (Figure 1D), segmental repetitive contraction coexisting peristalsis and 
retrograde peristalsis (Figure 1E), retrograde peristalsis (Figure 1F, G), and 
esophageal shortening (Figure 1H) were detected in patients. Segmental 
simultaneous contraction, segmental repetitive peristalsis and segmental repetitive 
simultaneous contractions have been pointed out in some reports,3), 20) but retrograde 
peristalsis and segmental repetitive contraction peristalsis coexisting with retrograde 
peristalsis have not been reported before. 
 Manometric diagnosis of the patients by the Chicago classification after HRM 
was achalasia (n = 28), functional obstruction (n = 4), diffuse esophageal spasm (n = 
2), non-specific esophageal motility disorder (NEMD) (n = 40), or normal motility (n = 
3).  
3. Relationship between esophageal symptoms and dysmotility 
 In patients with pharyngeal discomfort, transitional zone continuity appeared 
less frequently than in controls (29% vs. 65%, p < 0.01) and smooth muscle CI was 
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lower than controls (703 ± 234 mmHg vs. 1599 ± 195 mmHg, p < 0.01) (Table 1). In 
patients with dysphagia, UES dysfunction was more frequent than controls (20% vs. 
0%, p = 0.04), as was LES dysfunction (60% vs. 0%, p < 0.01) (Table 2). 
 Patients with stuck food sensation showed the following features: UES resting 
pressure was lower than in controls (35 ± 3 mmHg vs. 52 ± 4 mmHg, p < 0.01); LES 
dysfunction was more frequent than in controls (55% vs. 0%, p < 0.01); striated 
muscle CI was lower than in controls (211 ± 32 mmHg vs. 442 ± 82 mmHg, p < 0.01); 
peristalsis in striated muscle was less frequent than in patients without stuck food 
sensation (54% vs. 78%, p = 0.01) and controls (54% vs.95%, p < 0.01); transitional 
zone continuity was less frequent than in controls (38% vs. 65%, p < 0.01); smooth 
muscle CI was lower than in controls (783 ± 147 mmHg vs. 1599 ± 195 mmHg, p < 
0.01); and peristalsis in smooth muscle was less frequent than in patients without 
stuck food sensation (37% vs. 67%, p < 0.01) and controls (37% vs. 86%, p < 0.01) 
(Table 3). 
 In patients with regurgitation, LES dysfunction was more frequent than in 
patients without regurgitation (71% vs. 29%, p < 0.01) and controls (71% vs. 0%, p < 
0.01); striated muscle CI was lower than in patients without regurgitation (157 ± 43 
mmHg vs. 270 ± 30 mmHg, p = 0.03) and controls (157 ± 43 mmHg vs. 442 ± 82 
mmHg, p < 0.01); peristalsis in striated muscle was less frequent than that in patients 
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without regurgitation (37% vs. 82%, p < 0.01) and controls (37% vs. 95%, p < 0.01); 
smooth muscle CI was lower than in controls (634 ± 205 mmHg vs. 1599 ± 195 mmHg, 
p < 0.01); peristalsis in smooth muscle was less frequent than in patients without 
regurgitation (17% vs. 71%, p < 0.01) and controls (17% vs. 86%, p < 0.01); and 
continuity in smooth muscle was less frequent than in controls (40% vs. 84%, p < 
0.01) (Table 4). In patients with chest pain or heartburn, there was no demonstrable 
difference (Tables 5, 6).  
In patients with belching, striated muscle CI was lower than in patients without 
belching (119 ± 36 mmHg vs. 228 ± 26 mmHg, p = 0.02) and controls (119 ± 36 mmHg 
vs. 442 ± 82 mmHg, p < 0.01); transitional zone continuity was less frequent than in 
controls (31% vs. 65%, p = 0.03); and smooth muscle CI was lower than in controls 
(522 ± 192 mmHg vs. 1599 ± 195 mmHg, p < 0.01) (Table 7).  
 There was no difference in appearance of segmental dysmotility in smooth 
muscle, retrograde peristalsis, or esophageal shortening between patients and 
controls or between symptom-positive and symptom-negative patients (Table 8). 
  
IV. DISCUSSION 
 This is the first study to have analyzed motility of the three-segment 
esophageal body with HRM. In patients with esophageal symptoms, I detected some 
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segmental dysmotility and retrograde peristalsis. Thus, the first hypothesis that 
esophageal HRM would identify some patterns of dysmotility in the esophageal body 
segments not described in the Chicago classification was supported. In the Chicago 
classification, esophageal body function is not separated in each segment and does 
not therefore allow for the evaluation of segmental dysmotility.3), 21), 22) Retrograde 
peristalsis in the esophagus has not yet been detected by HRM. In my data, 
retrograde peristalsis appeared only in a segment, probably because retrograde 
peristalsis was not described in the Chicago classification. On the contrary, in controls, 
segmental dysfunction in smooth muscle was observed to the same level (35%) as in 
the patient group. Therefore, I still cannot judge whether this finding has pathological 
significance. Some patterns of esophageal body dysmotility, such as simultaneous 
contraction and double-peaked waves, are common even in healthy adults and they 
increase with age.14), 15) There are more elderly in the patient group than control group. 
The difference of age range between patient group and control group may affect the 
result. I did not find characteristic results for retrograde peristalsis or esophageal 
shortening either. These findings have not been reported to date because they were 
not addressed by the Chicago classification.1), 3) However, in the present study, neither 
retrograde peristalsis nor esophageal shortening was frequent in patients and did not 
relate to esophageal symptoms. Furthermore, they were observed in 2% of healthy 
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controls. Whether either of these dysmotility patterns has pathological significance or 
not should be clarified after accumulating a larger dataset of HRM findings. In any 
case, my evaluation of HRM along the segments of the esophageal body can provide 
more detailed information of esophageal motility in an individual.  
 I have evaluated the association between segmental findings of HRM data 
and systematic esophageal symptoms. The present findings can be summarized as 
follows: (1) contractile continuity of the transitional zone and contractile power of 
smooth muscle were decreased in patients with pharyngeal discomfort; (2) UES and 
LES dysfunctions were frequent in patients with dysphagia; (3) peristalsis and 
contractile power were decreased in the entire esophageal body and UES and LES 
dysfunctions were frequent in patients with stuck food sensation or regurgitation; and 
(4) contractile power of the esophageal body was decreased in patients with belching. 
Some previous studies have evaluated the relationship between esophageal 
dysmotility and symptoms,23)-25) but either used esophageal manometry with a 
water-perfused catheter24), 26) or analyzed relations between dysmotility and 
symptoms in part.26), 27) In addition, other studies evaluated esophageal motility in 
limited esophageal disorders such as nutcracker esophagus or gastroesophageal 
reflux disease (GERD).27)-30) Although the relationship between esophageal motility 
and dysphagia and/or chest pain has been evaluated frequently,23), 26), 31), 32) there has 
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been a paucity of studies on other esophageal symptoms. The present data support 
my second hypothesis that there is indeed relationship between dysmotility in the 
segments of the esophageal body and esophageal symptoms.  
 While relationships between pharyngeal discomfort and specific findings on 
HRM have been reported previously, the findings were not quantitatively analyzed. 
Cough and laryngopharyngeal symptoms were found to be associated with GERD,33) 
and differences were shown in UES pressure and esophageal body peristalsis 
between patients with PPI-resistant laryngopharyngeal reflux disease and healthy 
controls and 47.9% of such patients had esophageal motility disorders.34) One study 
showed a significant association between hypertonicity of the UES and globus.35) 
Although manometric diagnosis was heterogeneous in my data, the contractile 
defects between striated muscle and smooth muscle and hypomotility of smooth 
muscle have been detected in patients with pharyngeal discomfort. The UES function 
was normal in these patients. My findings suggest that dysmotility of smooth muscle in 
segment 2 of the esophageal body may underlie pharyngeal discomfort in patients 
with normal UES function.  
 In this study, patients with dysphagia demonstrated UES and LES 
dysfunctions. These results differed from previous studies reporting that hypotensive 
esophageal motility abnormalities (ineffective peristalsis, achalasia, and hypotensive 
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LES) are the most commonly diagnosed in patients with dysphagia.26), 36) By contrast, 
in my patients with stuck food sensation or regurgitation, hypotensive esophageal 
dysmotility (low amplitude contractions and aperistalsis) was identified in addition to 
UES and LES dysfunctions. Therefore, my results regarding stuck food sensation 
resemble those of previous studies on dysphagia.26), 36) Stuck food sensation had 
been regarded as visceral perception in dysphagia; however, in this study, I evaluated 
esophageal symptoms more precisely through medical interviews conducted by 
specialists than with symptom questionnaires. Patients could accurately discriminate 
stuck food sensation from dysphagia. My study suggests that stuck food sensation 
may reflect hypotensive esophageal dysmotility with dysfunctions of the UES and 
LES. 
 There was no difference in the frequency of segmental dysmotility in smooth 
muscle between controls and patients or between symptom-negative and 
symptom-positive patients. This is not because the prevalence of segmental 
dysmotility was low in patients.  
This study has some limitations. First, HRM data from 97 subjects (77 patients and 20 
controls) is not enough to demonstrate causality and the number of swallow tests was 
uneven as a results. However, GEE is used for analysis of chronological order data 
and the repetition measurement data and is the analytical method that can arrive at a 
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constant result even if the times of swallow in each individual are uneven .17)-19) I was 
able to have the higher precise result from my data by using GEE. Accurate 
evaluation of esophageal symptoms together with analysis by advanced statistics 
(GEE) enabled us to draw out the maximum results. Second, esophageal manometric 
diagnosis was heterogeneous, consisting of 36% achalasia, 52% NEMD, 5% 
functional obstruction, 3% diffuse esophageal spasm, and 4% normal motility. The 
proportion of each of these diagnoses may depend on the institution. There were in 
particular many achalasia and NEMD patients in this study. Achalasia is diagnosed by 
dysfunction of the LES relaxation and absence of peristalsis and patients commonly 
present the dysphagia, stuck food sensation and regurgitation. In the item of these 
symptoms that achalasia patient often notices, characteristic manometric findings of 
achalasia may affect the result between symptom and manometric finding. It is 
limitation, but I think this study reflects  a part of clinical condition when performing 
HRM testing for undiagnosed patients with esophageal symptoms. Third, I observed 
hypomotility of the esophageal body in only 3 patients with belching. The function of 
their UES and LES showed no problems. By contrast, an earlier study indicated that 
UES relaxation appeared frequently in rumination events but that there was no finding 
of dysmotility related to belching.37) The reason for the difference between the studies 
may be based on whether real time-symptoms occur during HRM or on the small 
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number of patients with belching. Lastly, I did not examine pH monitoring or 
impedance in this study. I did not find any particular result in patients with chest pain or 
heartburn. Previous studies have shown that hypermotility such as nutcracker 
esophagus is not necessarily related to chest pain or other esophageal symptoms.28), 
29), 32) In other recent studies, patients with non-cardiac chest pain showed a spectrum 
of abnormalities on pH monitoring.38) The other spectrum seen in patients consists of 
hypersensitivity triggered by chemical or distension stimuli such as acid reflux 
events.39), 40) LES hypomotility and shift in contractile vigor to the third segment of the 
esophageal body have been reported in patients with chest pain, but it was thought 
that this dysmotility appeared in response to reflux events.26), 32) Therefore, I was not 
able to completely clarify the esophageal pathophysiology of chest pain or heartburn 
in this study. Despite these limitations, my data could expand the possible utility of 
HRM in the management of esophageal motility disorders. 
  
V. CONCLUSION 
This study presented a new segmental evaluation of HRM data that differs 
from the Chicago classification. Segmental dysmotility including retrograde peristalsis 
and esophageal shortening was systemically demonstrated, but the pathological 
meaning of these phenomena should be further explored. The specific esophageal 
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Figure 1. Spatiotemporal plots in patients with esophageal dysmotility.  
A: Normal peristaltic contraction in a healthy control. 
B: Non-continuity contraction. Peristalsis was not maintained above 20 mmHg and 
focal defects (inter-segmental troughs) can be clearly seen.   
C: Segmental simultaneous contractions. Segmental simultaneous contractions in the 
mid-esophagus were observed in a patient with regurgitation.  
D: Segmental repetitive simultaneous contractions. Some simultaneous contractions 
with segmental defects were coexisting and segmental repetitive simultaneous 
contractions were observed in a patient with regurgitation.    
E: Segmental repetitive contractions coexisting peristalsis with retrograde peristalsis. 
Peristaltic contraction and retrograde contraction were coexisting in a patient with 
pharyngeal discomfort.    
F, G: Retrograde peristalsis. Retrograde contraction from the lower esophageal 
sphincter to upper segment with contractile front velocity of 1.8 cm/s over 8 cm in a 
patient with pharyngeal discomfort. 
H: Esophageal shortening. Spasm of longitudinal muscle layer with esophageal 
shortening was observed. Lower esophageal sphincter does not relax during this 
event and is seen to rise into the chest (over 6 cm) in a patient with stuck food 
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Table 1. Relationship between pharyngeal discomfort and esophageal dysmotility 
 
Pharyngeal discomfort Positive Negative Control p-value 
Subjects (n) 8 69 20 P-N P-C 
Upper esophageal sphincter       
   resting pressure (mmHg) 44 ± 9 37 ± 2 53 ± 4 n.s. n.s. 
   dysfunction (n) 1 (13%) 4 (6%) 0 (0%) n.s. n.s. 
Lower esophageal sphincter      
   resting pressure (mmHg) 19 ± 4 24 ± 2 28 ± 2 n.s. n.s. 
   dysfunction (n) 3 (38%) 34 (49%) 0 (0%) n.s. <0.01 
Esophageal shortening       
   supine (n) 1 (13%) 6 (9%) 0 (0%) n.s. n.s. 
   after swallowing (n) 0 (0%) 6 (9%) 0 (0%) n.s. n.s. 
   after postural change (n) 0 (0%) 14 (20%) 6 (30%) n.s. n.s. 
    p-value 
Swallows (n) 100 689 244 P-N P-C 
Striated muscle      
   contractile integral (mmHg.s.cm) 312 ± 81 211 ± 26 442 ± 82 n.s. n.s. 
   peristalsis (n) 84 (84%) 421 (61%)  231 (95%) 0.04 n.s. 
Transitional zone continuity (n) 29 (29%) 271 (39%) 158 (65%) n.s. <0.01 
Smooth muscle      
   contractile integral (mmHg.s.cm) 703 ± 234 974 ± 152 1599 ± 195 n.s. <0.01 
   peristalsis (n) 64 (64%) 324 (47%) 210 (86%) n.s. n.s. 
   continuity (n) 49 (49%) 311 (45%) 206 (84%) n.s. <0.01 
   segmental dysmotility (n) 29 (29%) 176 (26%) 85 (35%) n.s. n.s. 
Retrograde peristalsis (n) 4 (4%) 7 (1%) 2 (1%) n.s. n.s. 
Resting pressure and contractile integral are reported as mean ± SD (range). 
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Table 2. Relationship between dysphagia and esophageal dysmotility 
            
Dysphagia Positive Negative Control p-value 
Subjects (n) 10 67 20 P-N P-C 
Upper esophageal sphincter       
   resting pressure (mmHg) 42 ± 8 37 ± 2 53 ± 4 n.s. n.s. 
   dysfunction (n) 2 (20%) 3 (4%) 0 (0%) n.s. 0.04 
Lower esophageal sphincter      
   resting pressure (mmHg) 18 ± 3 24 ± 2 28 ± 2 n.s. 0.02 
   dysfunction (n) 6 (60%) 31 (46%) 0 (0%) n.s. <0.01 
Esophageal shortening       
   in spine position (n) 0 (0%) 7 (10%) 0 (0%) n.s. n.s. 
   after swallowing (n) 0 (0%) 6 (9%) 0 (0%) n.s. n.s. 
   after posture change (n) 2 (20%) 12 (18%) 6 (30%) n.s. n.s. 
    p-value 
Swallows (n) 112 677 244 P-N P-C 
Striated muscle      
   contractile integral (mmHg.s.cm) 342 ± 78 205 ± 26 442 ± 82 n.s. n.s. 
   peristalsis (n) 96 (86%) 409 (60%) 231 (95%) 0.03 n.s. 
Transitional zone continuity (n) 46 (41%) 254 (38%) 158 (65%) n.s. n.s. 
Smooth muscle      
   contractile integral (mmHg.s.cm) 1373 ± 304 868 ± 147 1599 ± 195 n.s. n.s. 
   peristalsis (n) 73 (65%) 315 (47%) 210 (86%) n.s. n.s. 
   continuity (n) 73 (65%) 287 (42%) 206 (84%) n.s. n.s. 
   segmental dysmotility (n) 21 (19%) 184 (27%) 85 (35%) n.s. 0.04 
Retrograde peristalsis (n) 0 (0%) 11 (2%) 2 (1%) n.s. n.s. 








Table 3. Relationship between stuck food sensation and esophageal dysmotility 
            
Stuck food sensation Positive Negative Control p-value 
subjects (n) 49 28 20 P-N P-C 
Upper esophageal sphincter       
   resting pressure (mmHg) 35 ± 3 42 ± 4 52 ± 4 n.s. <0.01 
   dysfunction (n) 3 (6%) 2 (7%) 0 (0%) n.s. n.s. 
Lower esophageal sphincter      
   resting pressure (mmHg) 24 ± 2 22 ± 2 28 ± 2 n.s. n.s. 
   dysfunction (n) 27 (55%) 10 (36%) 0 (0%) n.s. <0.01 
Esophageal shortening       
   in spine position (n) 5 (10%) 2 (7%) 0 (0%) n.s. n.s. 
   after swallowing (n) 5 (10%) 1 (4%) 0 (0%) n.s. n.s. 
   after posture change (n) 6 (12%) 8 (29%) 6 (30%) n.s. n.s. 
    p-value 
Swallows (n) 473 316 244 P-N P-C 
Striated muscle      
   contractile integral (mmHg.s.cm) 211 ± 32 244 ± 43 442 ± 82 n.s. <0.01 
   peristalsis (n) 257 (54%) 248 (78%) 231 (95%) 0.01 <0.01 
Transitional zone continuity (n) 181 (38%) 119 (38%) 158 (65%) n.s. <0.01 
Smooth muscle      
   contractile integral (mmHg.s.cm) 783 ± 147 1173 ± 257 1599 ± 195 n.s. <0.01 
   peristalsis (n) 175 (37%) 213 (67%) 210 (86%) <0.01 <0.01 
   continuity (n) 215 (45%) 145 (46%) 206 (84%) n.s. <0.01 
   segmental dysmotility (n) 96 (20%) 109 (34%) 85 (35%) 0.05 0.02 
Retrograde peristalsis (n) 7 (2%) 1 (1%) 2 (1%) n.s. n.s. 







Table 4. Relationship between regurgitation and esophageal dysmotility 
            
Regurgitation Positive Negative Control p-value 
Subjects (n) 35 42 20 P-N P-C 
Upper esophageal sphincter       
   resting pressure (mmHg) 36 ± 3 39 ± 3 53 ± 4 n.s. <0.01 
   dysfunction (n) 2 (6%) 3 (7%) 0 (0%) n.s. n.s. 
Lower esophageal sphincter      
   resting pressure (mmHg) 27 ± 3 21 ± 1 28 ± 2 n.s. n.s. 
   dysfunction (n) 25 (71%) 12 (29%) 0 (0%) <0.01 <0.01 
Esophageal shortening       
   in spine position (n) 5 (14%) 2 (5%) 0 (0%) n.s. n.s. 
   after swallowing (n) 4 (11%) 2 (5%) 0 (0%) n.s. n.s. 
   after posture change (n) 5 (14%) 9 (21%) 6 (30%) n.s. n.s. 
    p-value 
Swallows (n) 321 468 244 P-N P-C 
Striated muscle      
   contractile integral (mmHg.s.cm) 157 ± 43 270 ± 30 442 ± 82 0.03 <0.01 
   peristalsis (n) 120 (37%) 385 (82%) 231 (95%) <0.01 <0.01 
Transitional zone continuity (n) 112 (35%) 188 (40%) 158 (65%) n.s. <0.01 
Smooth muscle      
   contractile integral (mmHg.s.cm) 634 ± 205 1149 ± 178 1599 ± 195 n.s. <0.01 
   peristalsis (n) 56 (17%) 332 (71%) 210 (86%) <0.01 <0.01 
   continuity (n) 128 (40%) 232 (50%) 206 (84%) n.s. <0.01 
   segmental dysmotility (n) 44 (14%) 161 (34%) 85 (35%) <0.01 <0.01 
Retrograde peristalsis (n) 7 (2%) 4 (1%) 2 (1%) n.s. n.s. 





Table 5. Relationship between chest pain and esophageal dysmotility 
            
Chest pain Positive Negative Control p-value 
subjects (n) 11 66 20 P-N P-C 
Upper esophageal sphincter       
   resting pressure (mmHg) 35 ± 5 38 ± 2 53 ± 4 n.s. <0.01 
   dysfunction (n) 2 (18%) 3 (5%) 0 (0%) n.s. 0.05 
Lower esophageal sphincter      
   resting pressure (mmHg) 29 ± 4 23 ± 2 28 ± 2 n.s. n.s. 
   dysfunction (n) 6 (55%) 31 (47%) 0 (0%) n.s. <0.01 
Esophageal shortening       
   in spine position (n) 0 (0%) 7 (11%) 0 (0%) n.s. n.s. 
   after swallowing (n) 1 (9%) 5 (8%) 0 (0%) n.s. n.s. 
   after posture change (n) 1 (9%) 13 (20%) 6 (0%) n.s. n.s. 
   l p-value 
Swallows (n) 100 689 244 P-N P-C 
Striated muscle      
   contractile integral (mmHg.s.cm) 192 ± 51 229 ± 28 442 ± 82 n.s. 0.01 
   peristalsis (n) 58 (58%) 447 (65%) 231 (95%) n.s. <0.01 
Transitional zone continuity (n) 44 (44%) 256 (37%) 158 (65%) n.s. n.s. 
Smooth muscle      
   contractile integral (mmHg.s.cm) 1017 ± 362 928 ± 147 1599 ± 195 n.s. n.s. 
   peristalsis (n) 52 (52%) 336 (49%) 210 (86%) n.s. 0.02 
   continuity (n) 49 (49%) 311 (45%) 206 (84%) n.s. <0.01 
   segmental dysmotility (n) 22 (22%) 183 (27%) 85 (35%) n.s. n.s. 
Retrograde peristalsis (n) 1 (1%) 10 (1%) 2 (1%) n.s. n.s. 








Table 6. Relationship between heartburn and esophageal dysmotility 
           
Heartburn Positive Negative Control p-value 
Subjects (n) 6 71 20 P-N P-C 
Upper esophageal sphincter       
   resting pressure (mmHg) 42 ± 6 37 ± 2 53 ± 4 n.s. n.s. 
   dysfunction (n) 1 (17%) 4 (6%)  0 (0%) n.s. n.s. 
Lower esophageal sphincter      
   resting pressure (mmHg) 32 ± 6 23 ± 1 28 ± 2 n.s. n.s. 
   dysfunction (n) 3 (50%) 34 (50%) 0 (0%) n.s. <0.01 
Esophageal shortening       
   in spine position (n) 1 (10%) 6 (8%) 0 (0%) n.s. n.s. 
   after swallowing (n) 1 (10%) 5 (7%) 0 (0%) n.s. n.s. 
   after posture change (n) 0 (0%) 14 (20%) 6 (30%) n.s. n.s. 
    p-value 
Swallows (n) 65 711 244 P-N P-C 
Striated muscle      
   contractile integral (mmHg.s.cm) 279 ± 69 219 ± 27 442 ± 82 n.s. n.s. 
   peristalsis (n) 44 (68%) 461 (64%) 231 (95%) n.s. n.s. 
Transitional zone continuity (n) 53 (82%) 247 (34%) 158 (65%) <0.01 n.s. 
Smooth muscle      
   contractile integral (mmHg.s.cm) 1872 ± 518 856 ± 139 1599 ± 195 n.s. n.s. 
   peristalsis (n) 45 (69%) 343 (47%) 210 (86%) n.s. n.s. 
   continuity (n) 55 (85%) 305 (42%) 206 (84%) <0.01 n.s. 
   segmental dysmotility (n) 29 (45%) 176 (24%) 85 (35%) n.s. n.s. 
Retrograde peristalsis (n) 0 (0%) 11 (2%) 2 (1%) n.s. n.s. 








Table 7. Relationship between belching and esophageal dysmotility 
            
Belching Positive Negative Control p-value 
Subjects (n) 3 74 20 P-N P-C 
Upper esophageal sphincter       
   resting pressure (mmHg) 59 ± 6 37 ± 2 53 ± 4 0.04 n.s. 
   dysfunction (n) 0 (0%) 5 (7%) 0 (0%) n.s. n.s. 
Lower esophageal sphincter      
   resting pressure (mmHg) 19 ± 4 24 ± 1 28 ± 2 n.s. n.s. 
   dysfunction (n) 0 (0%) 37 (52%) 0 (0%) n.s. n.s. 
Esophageal shortening       
   in spine position (n) 0 (0%) 7 (9%) 0 (0%) n.s. n.s. 
   after swallowing (n) 0 (0%) 6 (8%) 0 (0%) n.s. n.s. 
   after posture change (n) 2 (67%) 12 (16%) 6 (30%) 0.03 n.s. 
    p-value 
Swallows (n) 26 763 244 P-N P-C 
Striated muscle      
   contractile integral (mmHg.s.cm) 119 ± 36 228 ± 26 442 ± 82 0.02 <0.01 
   peristalsis (n) 23 (88%) 482 (63%) 231 (95%) 0.02 n.s. 
Transitional zone continuity (n) 8 (31%) 292 (38%) 158 (65%) n.s. 0.03 
Smooth muscle      
   contractile integral (mmHg.s.cm) 522 ± 192 954 ± 141 1599 ± 195 n.s. <0.01 
   peristalsis (n) 21 (81%) 367 (48%) 210 (86%) <0.01 n.s. 
   continuity (n) 12 (46%) 348 (46%) 206 (84%) n.s. <0.01 
   segmental dysmotility (n) 12 (46%) 193 (25%) 85 (35%) 0.01 n.s. 
Retrograde peristalsis (n) 0 (0%) 11 (1%) 2 (1%) n.s. n.s. 
Resting pressure and contractile integral are reported as mean ± SD (range). 
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The item of the blank was unrelated to dysmotility and a symptom. 
 
 
 
 
